Introduction
The incidence and mortality of gastric cancer, which was once the most common cancer worldwide, are decreasing, due to a drop in the rate of distal gastric cancer in the Western world. 1 However, despite advances in diagnosis and treatment, gastric cancer has a very poor prognosis, and the 5-year survival rate of stomach cancer is only ∼20%. The etiology of gastric cancer is multifactorial and includes both dietary and nondietary factors. 2 Gastric cancer is the second leading cause of cancer deaths in men and the third in women. The development of gastric cancer is a complex, multistep process involving multiple genetic and epigenetic alterations of oncogenes, tumor suppressor genes, DNA repair genes, cell cycle regulators, and signaling molecules. 2 There is a need to identify new therapeutic targets to be used in the treatment of gastric cancer.
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Receptor tyrosine kinases (RTKs) consist of ligandbinding extracellular domains that identify the subfamilies of RTKs, a transmembrane domain and a tyrosine kinase part. 3 The RTK c-Met is encoded by MET oncogene. This receptor and its hepatocyte growth factor (HGF) ligand pathway stimulate the proliferation, invasion, angiogenesis, and protection of cancer cells from apoptosis. 4 High c-Met expression has been reported in a number of cancers, including lung, colorectal, prostate, pancreatic, head and neck, gastric, hepatocellular, ovarian, and renal cancers and glioma, melanoma, and a number of sarcomas. 5 The observed median proportions of high c-Met expression were 59% (range 26%-82%) and 16% (range 8%-29%), respectively, in studies using immunohistochemistry (IHC) and other methods. 4 The findings of current literature on c-Met overexpression and its relationship with prognosis and other clinicopathological variables are controversial. Some studies have demonstrated no relationships between c-Met overexpression and other clinicopathological variables. 6, 7 However, some other studies have reported a strong relationship between c-Met overexpression and tumor invasion depth (T), lymph node metastasis, survival, and intestinal-type tumors. 8, 9 Increased expression of HGF and c-Met has been linked to poor prognosis and prediction of peritoneal dissemination. 10 HER-2 is a member of the human epidermal growth factor receptor family. 11 It is the product of the human HER-2 gene weighing 185 kDa with tyrosine kinase activity. 12 This RTK protein regulates signal transduction that is important for cell proliferation, differentiation, and survival. 11 Overexpression of HER-2 is a frequent molecular event in multiple human cancers, including breast, ovarian, pulmonary, colorectal, and gastric carcinomas. 13, 14 The rate of HER-2 overexpression varies in different gastric carcinoma studies. The rate of HER-2 overexpression has been reported to be between 5% and 62% in different studies. 15 ToGA clinical trial showed that the humanized monoclonal antibody against HER-2, trastuzumab (Herceptin), could effectively prolong overall survival and progression-free survival and increase the response rate in HER-2-positive advanced gastric carcinoma.
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Other molecules have also been investigated for their role in tumor growth and as a target for treatment, such as c-Met. In the present study, we aimed to determine the frequency of c-Met, HGF, and HER-2 overexpression in gastric cancer and their association with prognosis and clinicopathological factors.
Patients and methods Patients
Gastric cancer patients diagnosed between the years 2006 and 2011 were included. Hospital files and hospital database system were retrospectively analyzed. A total of 150 patients whose pathology slides were available and evaluable in Hacettepe University Hospital were enrolled. Patients were evaluated for age, sex, tumor location, tumor differentiation, Lauren classification, tumor node metastasis (TNM) stage (by seventh Union for International Cancer Control/American Joint Committee on Cancer), distant metastases, depth of tumor invasion (T), lymphovascular invasion, peritoneal carcinomatosis, and survival using medical records. If Lauren classification, differentiation, and lymphovascular invasion information were not reported, the slides of these patients were evaluated again to gather this information. The patients who died just after surgery and did not receive a standard therapy or those patients whose information was missing were not included in the survival analyses. The study protocol was reviewed and approved by the Institutional Ethics Committee of Hacettepe University Faculty of Medicine. This is retrospective translational research and written consent is not required and also not available because most or the patients died at the time of the study.
Tissue samples, IHC, and evaluation of immunohistochemical staining
Ten percentage of formalin-fixed and paraffin-embedded surgical or endoscopic tumor sample blocks were selected. After fixation, tumor samples were embedded in paraffin. Then, tumor sample slides with a 4 μm thickness were prepared from paraffin blocks. Immunohistochemical staining was performed using an automatic immunostainer (Ventana Medical Systems, Inc., AZ, USA). Slides were deparaffinized in xylene for 20 minutes. Antigen retrieval time was 90 minutes for c-Met, 30 minutes for HER-2, and 60 minutes for HGF antibodies. After titrating the primary antibody for 2 hours, amplification was carried out, counterstained with hematoxylin for 8 minutes and then incubated with bluing reagent for 4 minutes. When the slides were taken out of the automatic immunostainer, they were washed in 70% alcohol for 5 minutes, 80% alcohol for 5 minutes, and 100% alcohol for 5 minutes; treated with xylene; left undisturbed for 10 minutes; and then kept at room temperature. After the slides dried, they were covered with ethylene. Lyophilized mouse monoclonal antibodies for HER-2 (novocastra) with an optimal dilution of 1/800, c-Met (novocastra) with an optimal dilution of 1/30, and HGF with an optimal dilution of 1/25 were used. Human breast, prostate, and tonsil tissues were used as positive control for, respectively, HER-2, c-Met, and HGF antibody. Each tissue sample was evaluated and scored by one pathologist who was blind to patients' data. A pathologist reported c-Met expression as the cytoplasmic OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com
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Evaluation of c-Met, HGF, and HER-2 expressions and membranous staining intensity from 0 to 3+ (Table 1) . HGF expression has been graded as positive or negative according to the presence of cytoplasmic staining intensity at 10× microscopical examination. c-Met overexpression is defined as intensity 2 or 3(+) staining. HER-2 immunohistochemical scoring was done according to the scoring system suggested by Hofmann et al. 16 Staining intensity of 3+ score was accepted as overexpression.
Statistical analyses
All statistical analyses were performed using the SPSS software Version 18 (SPSS Inc., Chicago, IL, USA). Quantitative data are presented as mean ± SD. The Chi-square, Fisher's exact test, or Mann-Whitney U-test, where appropriate, was used to compare the proportions in different groups. P-value ,0.05 was considered to be significant. Kaplan-Meier method was used for survival analysis, and comparisons between different subgroups were performed using the log-rank test.
Results
Paraffin tumor blocks of 150 gastric cancer patients were achieved but clinical information of seven cases were missing. Finally, 143 cases, 97 males and 46 females, were included. The mean age was 57.3±13.1 (range 28-90 years). C-Met scores were 3(+) in 31.5%, 2(+) in 27.3%, and 1(+) in 10.5% and negative in 30.8% of the patients. C-Met expression (2+ and 3+) rate was 58.7% (84/143). HER-2 scores were 3(+) in 9.1%, 2(+) in 9.8%, 1(+) in 16.1%, and negative in 65.0% of the patients. HGF was positive in 20.6% and negative in 79.4% of the patients (n=126; Table 2 ). The median overall survival was 21.2±3.8 months in 102 patients who were included in the survival analysis ( Figure 1 ). (Tables 2 and 3 ). There were no statistically significant differences in survival between the two groups (P=0.711). Survival was investigated in stages 1, 2, 3, and 4 c-Met overexpression groups. But all patients in stage 1 were alive and median survival was not reached in stage 2, which could not be evaluated (Figure 3 ). The median survival was 15.1±3.1 months in the c-Met-overexpression-positive stage 3 group and 17.2±5.8 months in the c-Met-overexpressionnegative stage 3 group (Figure 4 ). There were no statistically significant differences in survival between the two groups (P=0.706). The median survival was 11.6±5.7 months in the c-Met-overexpression-positive stage 4 group and 11.9±7.1 months in the c-Met-overexpression-negative stage 4 group ( Figure 5 ). There were no statistically significant differences in survival between the two groups (P=0.229). 
C-Met staining report
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Evaluation of c-Met, HGF, and HER-2 expressions
Hepatocyte growth factor
The median survival was 20.6±4.0 months in the HGFexpression-positive group (n=20) and 19.0±3.5 months in the HGF-expression-negative group (n=68; Figures 6 and 7) . No statistically significant differences in survival were found between the two groups (P=0.863). Survival was investigated in stages 1, 2, 3, and 4 HGF expression groups. But all patients in stage 1 were alive and median survival was not reached in stage 2, which could not (Figures 8 and 9 ). There were no statistically significant differences in survival between the two groups (P=0.719).
HER-2 staining report
Of the 143 gastric carcinoma tissue samples, 93 (65.0%) were scored as 0, 23 (16.1%) as 1(+), 14 (9.8%) as 2(+)9, and 13 (9.1%) as 3(+), which indicated overexpression ( Figure 10 (Table 4 ). There were no statistically significant differences in survival between the two groups (P=0.774).
Survival was investigated in stages 1, 2, 3, and 4 HER-2 overexpression groups. But all patients in stage 1 survived, and there were not enough patients in stages 2 and 3; hence, survival could not be evaluated. The median survival was 11.6±6.3 months in the HER-2-overexpressionpositive stage 4 group and 11.9±6.8 months in the HER-2-overexpression-negative stage 4 group (Figures 11 and 12 ). There were no statistically significant differences in survival between the two groups (P=0.969).
Discussion and conclusion
In this study, we aimed to determine the frequency of c-Met, HGF, and HER-2 overexpression, which play an important role in gastric cancer development, and their association with prognosis in terms of overall survival and other clinicopathological factors. The survival durations of the patients and patient subgroups are given in Table 5 .
c-Met expression was negative in 30.8% of patients and highly expressed in 58.7% of the patients. HER-2 expression 
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Evaluation of c-Met, HGF, and HER-2 expressions was negative in 65% of the patients, whereas it was 2(+) in 9.8% and 3(+) in 9.1% of the patients. HGF was found to be positive only in 20.6% of the patients. In a previous study, Lee et al 17 reported c-Met overexpression in 23.7% of 438 gastric cancer patients. In this study, c-Met protein expression was determined by IHC and scored according to membranous staining. In another study by Nakajima et al, 8 c-Met overexpression was 46.1% in 128 gastric cancer patients, whereas Retterspitz et al 6 reported c-Met overexpression to be 48.9% in 94 gastric cancer patients. In this study, c-Met protein expression was determined by IHC and scored by cytoplasmic staining. In a study by Drebber et al, 7 c-Met overexpression was detected to be 73.7% in 114 gastric cancer patients.
In this study, c-Met protein expression was determined by IHC and scored by both membranous and cytoplasmic staining. In our study, c-Met overexpression was 58.7% in 125 patients. The literature reports a difference in the frequency of c-Met overexpression in gastric cancer. This difference may be caused by the different methods used for c-Met expression. In our study, we used both membranous and cytoplasmic staining for c-Met expression, and accordingly, we have created a scoring system as given in Table 1 . Some studies used only cytoplasmic staining, only membranous staining, or both, showing c-Met expression in the literature. Furthermore, different studies used different criteria for scoring. Therefore, investigation of c-Met expression by IHC methods definitely warrants standard scoring criteria and we believe that our scoring system proposed by Sokmensuer as given in Table 1 seems to be the optimal one. Besides the scoring system, there is also controversy about the correlation with c-Met overexpression and clinicopathological variables in the literature. In the study by Nakajima et al, 8 overexpression of c-Met was correlated with depth of tumor invasion and lymph node metastasis. The survival rate of patients with c-Met overexpression (+) gastric cancer was poorer than that of patients with gastric cancers with no overexpression. In the study by Janjigian et al, 9 positive c-Met staining with IHC was associated with Lauren intestinal histology. In the study by Retterspitz et al, 6 c-Met overexpression was not associated with any clinicopathological factors such as Lauren or WHO classification, depth of invasion, nodal metastasis, TNM stage, and grade. In another study by Drebber et al, 7 c-Met overexpression was not associated with any clinicopathological factors such as age, sex, Lauren and WHO classification, differentiation, and TNM stage. In the study by Toiyama et al, 10 increased HGF and c-Met had a significant association with poor prognosis and predicted peritoneal dissemination. In our study, there was no statistically significant difference in age, sex, tumor location, differentiation, Lauren classification, TNM staging, presence of distant metastasis, depth of tumor invasion (T), lymphovascular invasion, and survival between c-Met subgroups. Coexpression of HGF/cMet was observed in 17 patients and only one patient had peritoneal carcinomatosis in our study.
In the study by Cirne-Lima et al, 18 HER-2 positivity was 5.4% in 37 gastric cancer patients. In the study by Xu et al, 19 HER-2 overexpression was 11.9% in 126 gastric cancer patients. In this study, the IHC score was determined according to the ToGA trial, and HER-2 positivity status was defined as IHC3+ or IHC2+ plus gene-amplified. Geng et al, 20 and Ismail et al, 21 reported HER-2 positivity to be 19.1% and 25.8%, respectively. In their study, samples with scores 2+ or 3+ were considered to be HER-2 positive. In our study, HER-2 3(+) staining was 9.1% by the IHC method. This result seems to be consistent with the figures reported in the current literature. Unfortunately, in our study HER-2 2+/equivocal score could not be confirmed with fluorescence in situ hybridization (FISH) testing. Therefore, overexpression might have been higher if FISH test was applied.
In the study by Zhou et al, 22 HER-2 overexpression was closely correlated with the Lauren type, degree of differentiation, tumor size, and lymph node metastasis. In the study by Xu et al, 19 HER-2 was significantly associated with improved disease-free survival. In the study by Geng et al, HER-2 overexpression in primary tumor correlated with lymph node metastasis, distant metastasis, and AJCC stage. Patients with HER-2 positivity had poor survival. 20 In our study, the HER-2 status was associated with tumor differentiation, Lauren classification, and TNM stage. The HER-2 status was not associated with the sex, tumor location, distant metastases, depth of tumor invasion, and lymphovascular invasion.
ToGA clinical trial showed that the humanized monoclonal antibody against HER-2, trastuzumab (Herceptin), could effectively prolong overall survival and progression-free survival and increases the response rate in HER-2-positive advanced gastric carcinoma. 11 The use of trastuzumab for HER-2-positive patients is routinely recommended for the treatment of advanced gastric cancer. 23 Certainly new molecular targets are needed that can be targeted for the treatment of HER-2-negative patients. In our study, c-Met overexpression was 56.2% in HER-2-overexpression-negative group. Unfortunately, targeting c-Met has been disappointing for the treatment of patients with advanced gastric cancer. If new molecular targets are indentified that have a role in tumor growth and survival, then better molecular classification of gastric cancer and new treatments options for this disease may be developed.
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